Motivation and goals
• Provide antisymmetric and translationally invariant coefficients of fractional parentage (CFP's) for ab initio No Core Nuclear Structure calculations, following:
• CFP's are defined as the coefficients for the expansion of antisymmetrical wave function in terms of the complete set of the vector coupled parent states with a lower degree of antisymmetry. • Main goal: translationally invariant calculation of twobody matrix elements may be performed in ordinary oneparticle basis.
• The introduced translationally invariant CFP's may be used for computation of oscillator intrinsic density matrices within the framework of Reduced Hamiltonian method:
The key idea
• Since the antisymmetrization procedure is rather cumbersome in Jacobi coordinates it is convenient to introduce the expansion of the product of c.m. ground state function and intrinsic wave-function in terms of antisymmetric but not translationally invariant shell model wave functions.
• Starting from this expression, intrinsic density matrices and corresponding translationally invariant coefficients of fractional parentage may be constructed from not translationally invariant coefficients of fractional parentage.
• The coefficients of this expansion can be obtained diagonalizing centre-of-mass Hamiltonian in the shell model basis.
Classification of many-particle states
• In order to simplify shell model states classification and formation algorithms the many-particle antisymmetrical states are characterized only by a well-defined set of quantum numbers: the configuration K (with a specified intermediate coupling), the total angular momentum J, the total isospin T, and one additional integer quantum number, ∆=1,...,r, which is necessary for unambiguous enumeration of the states.
• Rejection of the higher-order group-theoretical classification of many-particle antisymmetrical states allows one to significantly simplify the antisymmetrization procedure for A-particle states.
• Consequently, large-scale calculations of the coefficients of fractional parentage for a single j-shell with isospin may be performed by numerically stable and quick computational procedures.
Single-shell CFP's may be calculated by spectral decomposition of an antisymmetrization operator matrix Y. CFP's are those eigenvectors of the Y that correspond to unit eigenvalues.
Calculation of the CFP's for a single j-shell with isospin
The antisymmetric angular-momentum-coupled A-particle wave function for the nuclear j-shell in an isospin formalism may be expanded in terms of a complete set of the angular-momentum-coupled parent-state wave functions with a lower degree of antisymmetry.
A. Deveikis, Comp. Phys. Comm. 173, 186 (2005) ..
In the first case the two particles are taken from different j-shells. These GCFPs can be expressed in terms of single-shell one-particle CFPs and the corresponding recoupling coefficient.
In the second case two particles are removed from the same shell. The definition of this GCFP contains simply the two-particle single-shell CFP.
Two-particle multishell GCFP's
A. Deveikis, A. Juodagalvis, Comp. Phys. Comm. 179, 607 (2008) .. The antisymmetric two-particle oscillator shell model functions may be expanded in terms of vector coupled products of the functions depending on the intrinsic Jacobi variable ξ 2 with the functions depending on the Jacobi coordinate with the nonpositive index ξ -1 .
The coefficients for the transition from the antisymmetrical two-particle shell model functions to the function of ξ 2 are the Jacobi coefficients.
The expectation value of the two-particle operator (centre-of-mass Hamiltonian) can be obtained by expressing them into the single-particle form. This may be accomplished by means of Jacobi coordinates
Jacobi coordinates
The coefficients on the right hand weight only not antisymmetrical functions, as is stressed by semicolon and may be expressed via Trlifaj, 6j and 9j coefficients.
It is convenient to introduce the coefficients of expansion of the oscillator shell model functions in terms of the ones with singled out dependence on the intrinsic coordinates of two last particles (SCFP's).
Auxiliary CFP's (SCFP's)
The procedure for spurious state elimination is based on projecting out the unexcited centre-of-mass subspace by diagonalizing centre-of-mass Hamiltonian matrix (Hmc) in the basis of the antisymmetric A-particle oscillator functions with singled-out dependence on intrinsic coordinates of two last particles -SCFP's.
The real symmetric centre-of-mass Hamiltonian matrix is expressible as the spectral decomposition of idempotent matrices that may be expressed in terms of the original matrix and its eigenvalues. The diagonalization was performed with rs() procedure from EISPAC and obtained eigenvectors are coefficients
Centre-of-mass Hamiltonian matrix diagonalization CESO's are the coefficients of expansion of the oscillator shell model functions in terms of A-particle oscillator functions with singled-out dependence on intrinsic coordinates of two last particles and with eliminated spurious states.
CESO's normalization condition for accuracy evaluation.
The only quantities really needed for calculation of identical particle systems are two--particle density matrixes, which may.expressed in terms of CESO's.
Translationally invariant coefficients of fractional parentage (CESO's)

